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Abstract 
Introduction: Outcome reporting of intra-articular calcaneal fractures is inconsistent. 
This study aimed to identify the most cited outcome scores in the literature and to 
analyse their reliability and validity. 
Method: A systematic literature search identified 34 different outcome scores. The 
most cited outcome score was the American Orthopaedic Foot and Ankle Society 
Hindfoot (AOFAS) score, followed by the Maryland Foot Score (MFS) and the 
Creighton-Nebraska score (CN). Reliability (internal consistency) and validity 
(content, construct, and criterion) were determined for the three outcome scoring 
systems. 
Results: Internal consistency (Cronbach’s alpha, reliability) was similar for the MFS 
(α = 0.82) and AOFAS (α = 0.78), but lower for the CN (α = 0.61). Floor- and 
ceiling-effects were good for all three scores. The individual items within these 
outcome scores showing best content validity were pain, return to work, subtalar 
range of motion, walking distance, ankle range of motion, and gait abnormalities or 
limping. Construct validity was good for all individual items except sagittal motion, 
stability at physical exam, and shoe size. All three outcome scores showed high 
correlation with patient satisfaction as measured with a Visual Analogue Scale (VAS, 
criterion validity) and indication for an arthrodesis.  
Conclusions: Pending consensus we would recommend choosing between the widely 
accepted, reliable and valid AOFAS Hindfoot and the Maryland Foot Score as the 
scoring system of choice. 
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Introduction 
Outcome reporting in randomised controlled trials and meta-analysis of intra-articular 
calcaneal fractures is inconsistent. Various outcome scores are applied by different 
research groups.
1-3
 Consensus on one outcome scoring system for the assessment of 
outcome in displaced intra-articular calcaneal fractures would aid in the comparison 
of results of multiple studies with comparable methodologies, and combining different 
smaller prospective trials into a meta-analysis.
4 5
  
Patient-based outcome scores can be divided into two groups. The first group 
consists of the generic instruments such as the Short Form 36, Visual Analogue Scales 
and other quality-of-life scores, which look at a wide variety of general health issues.
6 
7
 The second group consists of disease-specific instruments, which focus on patient 
perception of one specific condition, for example calcaneal fractures.
6
   
Prior to implementation scoring systems should be tested for reliability (e.g.: 
internal consistency, test-retest, intra-observer and inter-observer agreement), validity 
(e.g.: content, construct, and criterion), and responsiveness.
8 9
 Few scoring systems in 
foot and ankle surgery have been tested for reliability and validity after they were 
developed.
9
 The aim of this study was first to identify widely accepted outcome 
scores used in intra-articular calcaneal fractures in the literature and their individual 
items. The reliability (internal consistency) and validity (content, construct, and 
criterion) of three most cited outcome scoring systems was then determined in a 
cohort of patients with a displaced intra-articular calcaneal fracture. 
  4 
Patients and methods 
Literature search 
A literature search was conducted in the electronic databases of Embase, Cochrane 
Library and Pubmed using the following search-terms and Boolean operators: 
‘calcaneus’ OR ‘os calcis’ OR ‘calcaneum’ OR ‘calcaneal’ AND ‘fracture’ up to 
December 2006. Articles were requested at the university medical (internet) library 
and were reviewed by two authors (TS and MH). An article was found eligible when 
it concerned the treatment of patients with intra-articular calcaneal fractures. 
Additionally a comprehensive search of reference lists of published articles and 
review articles was conducted to find additional studies. The applied outcome scoring 
systems were extracted from all these articles. In determining reliability and validity 
we restricted the next analysis to the three most frequently cited widely accepted 
outcome scores.  
 
Patients 
After exclusion of patients (25 percent) who had demised (n=2), were emigrated 
(n=4), had an unknown address (n=5) or already had a secondary arthrodesis 
performed (n=5), a total of 48 patients with 59 displaced intra-articular fractures of 
the posterior facet of the calcaneus were surgically treated in our level-1 traumacenter 
from 1999 to 2004. Patients who responded for clinical interview and examination, 
after IRB agreement and informed consent were given, had a mean follow-up of 34 
months (range 13 to 75 months). The median age was 49 (SD 13) years at trauma, 
72% were male. According to the Sanders classification
10
 there were 23 type II, 18 
type III and 18 type IV fractures. The percutaneous reduction and fixation, modified 
from Forgon and Zadravecz
11
, was the only surgical approach for displaced intra-
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articular calcaneal fractures used in our hospital. This technique relies on the principle 
of a triangular distracting force between the talar neck, the calcaneal tuber and the 
cuboid, followed by percutaneous screw fixation. 
 All patients were informed about the current study and asked to complete the 
American Orthopaedic Foot and Ankle Society Hindfoot score (AOFAS), the 
Maryland Foot Score (MFS) and the Creighton-Nebraska score (CN), which each 
have a range of 0-100 points. Patients with a bilateral fracture were instructed to 
report on the side with the least satisfactory result.
11
  
In addition to the three different outcome scores, patient satisfaction with the 
overall outcome was assessed with a single-question Visual Analogue Scale (VAS) 
analysed on a scale of 100 millimetres (mm).
12
 Zero mm represented no satisfaction at 
all and 100 mm was scored if patient satisfaction was excellent.
12
 There is no 
consensus or gold-standard scoring system in foot and ankle surgery to date. 
Correlations between foot-ankle related outcome scores and the more generic health 
Medical Outcome Study Short Form-36 show moderate coefficients.
13 14
. We 
therefore chose to use the single-question Visual Analogue Scale (VAS) to measure 
overall patient satisfaction with treatment result, which has been shown a moderate 
correlation with the SF-36 and a good correlation with the disease-specific outcome 
(Rowe) score in patients with a calcaneal fracture.
12 15
  
 
Statistical analysis 
The statistical analysis was performed using the Statistical Package for the Social 
Sciences (SPSS) version 12.0 (SPSS, Chicago, IL, USA). Correlations were 
considered statistically significant with a p-value of < 0.05. 
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-Reliability 
To determine reliability of the three outcome scoring systems the internal consistency 
as represented by the Cronbach’s alpha, was calculated.8 The Cronbach’s alpha 
indicates the extent to which a set of test items measure a single variable like 
outcome. A Cronbach’s alpha of 0.70 to 0.80 is regarded as satisfactory. For clinical 
application values up to 0.95 are desirable.
16
  
 Another aspect of reliability is whether the scoring system measures the full 
range of the disease or complaints.
17
 The incidence of minimum (floor; zero points) 
and maximum (ceiling; 100 points) scores was calculated for all used outcome scores. 
A score with low floor and ceiling effect, below 10 percent, can differentiate better 
between patients at the high and low end of the outcome scoring system.
17
 
-Validity 
Content validity determines if the domain of interest is comprehensively
 
sampled by 
the items, or questions, in the instrument (i.e. scoring system).
18
 Two means of 
determining content validity exist: piloting the instrument with representative 
respondents or item selection by expert panels.
19
 Therefore the outcome scores were 
broken down into their individual items to determine the frequency with which these 
items were used. These individual items of available outcome-scores in the literature 
were selected by expert panels. The most frequently used items are expected to have 
the largest content validity. The following four items, determined at physical 
examination, were added: the range of motion of the ankle and subtalar joint, heel 
width (in mm) measured from the plantar side at the level of both malleoli, calf 
circumflex 15 cm beneath the knee joint (in mm) and the ability to walk on heels and 
toes were measured (yes/no). 
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Construct validity shows whether the items and outcome score measure what 
they should measure. All individual scoring items of the three most frequently used 
outcome scores and additional frequently used individual items were correlated with 
the total result of the three scoring systems and the VAS. The Spearman rank 
correlation coefficient was used for this ‘item versus total score correlation’. 
Criterion validity is the correlation between the developed score and an 
accepted validated score.
17
 The total scores of the scoring systems were correlated 
with patient satisfaction (VAS) as a measure of criterion validity. The ‘indication for 
an arthrodesis’ was used as an alternative measure of criterion validity. This 
indication was defined as a persisting, deteriorating limitation in daily activities due to 
pain at the level of the subtalar joint, with a positive, pain relieving effect of a 
Lidocain
®
 injection into the subtalar joint.
20 21
 Patients who had already undergone a 
secondary arthrodesis were deliberately excluded prior to the study, because of the 
low reliability of retrospective assessment of the clinical status before the secondary 
arthrodesis with an outcome scoring system.
22
 
The odds ratio per unit of the total score with 95% confidence interval (CI) 
was calculated for the dichotomous outcome variable ‘indication for an arthrodesis 
(yes/no response)’. This correlation gives information on the predictive value of the 
entire score in predicting the secondary arthrodesis. 
The Spearman rank correlation coefficient was used for testing relationships 
between the VAS and the total score of the three scoring systems and also for the 
correlation between the three scoring systems. To determine paired differences 
between the three most cited scoring systems the Wilcoxon signed rank test was used.  
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Results 
Literature search 
In 195 studies (30%) a total of 34 outcome scoring systems were identified (Table 1). 
The three most frequently cited outcome scores were the American Orthopaedic Foot 
and Ankle Society Hindfoot score (AOFAS),
23
 the Maryland Foot Score (MFS)
10
 and 
the Creighton-Nebraska score (CN)
24
. A total of 49 different subjective and physical 
exam items were extracted from 26 outcome scores; a median of 6.5 items per 
outcome scoring system.  
 
Reliability 
The Cronbach’s alpha coefficient, as measure of the internal consistency, was 0.78 for 
the AOFAS, 0.82 for the MFS and 0.61 for the CN score. 
The ceiling score was encountered in 8% for the AOFAS and the CN, 0% for 
the MFS and 13% for the VAS. The floor effect was seen in 0% for the disease-
specific scores and in 2% for the VAS. 
 
Validity 
Six items showed good content validity. These items (Figure 1) were pain 
(encountered in 21 scoring systems), return to work (n = 13), subtalar range of motion 
(n = 13), walking distance (n = 12), ankle range of motion (n = 10), and gait 
abnormalities or limping (n = 10). Five out of these six items are used in the AOFAS 
and MFS score, and four in the CN score. 
A total of 16 items showed construct validity by correlating with all outcome scores 
and with the VAS. The AOFAS and the MFS score correlated significantly with 16 
(70%) items, the CN with a total of 17 (74%) items, and the VAS with 16 (70%) items 
(table 2). Items showing no correlation with any of the outcome scores were sagittal 
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motion (ankle ROM), stability at physical exam, shoe size, walking on heels, heel 
width and calf diameter. 
 
There was a significant correlation between the total-scores with the Spearman rank 
test: between MFS and AOFAS (r = 0.84, p < 0.001), between CN and AOFAS (r = 
0.84, p <0.001) and between MFS and CN (r = 0.79, p < 0.001). The Wilcoxon signed 
ranks test showed a significantly better outcome measured with the AOFAS score 
than the MFS (p < 0.001) and the CN (p < 0.001) scores. The MFS resulted in 
significantly better outcome than the CN score (p < 0.027) per patient.  
As a measure of criterion validity, all total outcome scores correlated significantly 
with overall patient satisfaction as measured on the Visual Analogue Scale (AOFAS r 
= 0.75, MFS r = 0.72, CN r = 0.76, p < 0.001 in all cases). All total-scores also 
correlated significantly with the indication for an arthrodesis (odds ratio AOFAS = 
0.93 (CI: 0.87-0.99), p = 0.02; odds ratio MFS = 0.94 (CI: 0.89-0.99), p = 0.02; odds 
ratio CN = 0.94 (CI: 0.89-0.99), p = 0.03).  
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Discussion 
The literature search performed in this study showed a large amount of and variation 
in existing calcaneal fracture outcome scoring systems. No outcome scoring system 
was applied in approximately 70% of the articles. The AOFAS was cited most 
frequently and appears to be the most widely accepted scoring system. Even though 
citation frequency does not necessarily reflect clinical relevance, broad acceptance of 
a single outcome score would facilitate comparison of multiple studies.
25
 
Our search represents a first comprehensive analysis of outcome scoring systems 
specifically used in determining outcome in calcaneal fractures in the literature, 
identifying thirty-four outcome scores. A restricted meta-analysis on outcome rating 
scales in general foot and ankle surgery showed forty-nine scoring systems, of which 
eighteen were cited more than once.
9
 The AOFAS hindfoot score was also the most 
frequently applied. No scoring system in the current literature was identified as being 
reliable, valid or responsive.
9
 An earlier attempt to identify a rational scoring system 
combined the four most important individual items (pain at rest, pain at activity, 
return to work, ambulation and walking aids) of six outcome scores (Rowe, CN, 
Buckley, March, Paley, MFS) into a multiple regression model and found that their 
Kerr-Atkins score correlated equally good with outcome with only four items, 
suggesting that not all scoring items contribute equally in predicting outcome.
26
  
The internal consistency (reliability) of the AOFAS and the MFS were similarly 
satisfactory and both scoring systems correlated well with individual subjective and 
objective patient outcome characteristics. The CN score showed lower internal 
consistency and appears less suitable as outcome score. All three scores showed good 
floor and ceiling effects (reliability). The individual items showing best content 
validity were pain, return to work, subtalar range of motion, walking distance, ankle 
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range of motion, and gait abnormalities or limping. Most individual items correlated 
with outcome (construct validity). The AOFAS, MFS and CN scoring systems had 
similar good correlations with patient satisfaction (VAS) and the indication for an 
arthrodesis (criterion validity). In terms of test-retest reliability, previous research has 
shown good intra- and interobserver agreement of the AOFAS Hindfoot score.
27
 
Per patient the total AOFAS scored significantly higher than the MFS, which scored 
significantly higher than the CN. This is due to the different weighting of the outcome 
score items per scoring system.  Patients frequently scored low on the important CN 
item ‘return to work’, which was more heavily weighted in the total CN score 
compared to the AOFAS item ‘activity limitations’. The AOFAS could therefore 
underrate the value of returning to a previous level of activity or occupation. In 
contrast the internal consistency of the CN was lower than the internal consistency of 
the AOFAS and the MFS. 
Other studies have compared the SF-36 with the AOFAS showing moderate 
correlations, indicating that a good disease-specific status does not always correlate 
with good generic health.
13 14
 Therefore the SF-36 might not be the proper score to 
compare disease-specific scores for calcaneal fractures with. 
Hildebrand et al. found a significant association between scoring systems and patient 
satisfaction (VAS) with the overall result. The VAS as designed by Hildebrand to 
determine overall result (satisfaction), showed significant correlation with the SF-36 
and the disease-specific outcome score by Rowe with good correlation coefficients 
(0.7 and 0.8 respectively), in patients treated by open reduction and internal fixation 
versus patients treated conservatively.
12
 The good correlation between the outcome 
scoring systems and the indication for an arthrodesis suggests that ‘the indication for 
an arthrodesis’ is a valid clinical endpoint.  
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In this study the calculations for the three most frequently applied outcome scoring 
systems were performed for a cohort of patients that were all treated with the same 
treatment modality, i.e. by percutaneous reduction and fixation. This way a more 
homogeneous group was established. Although this might be considered a limitation, 
there are no indications that the operative technique used had affected the reliability 
and validity of the used outcome scoring systems. Both the ceiling and the floor 
effects showed the utilization of the entire range of the outcome scores, indicating that 
all levels of outcome were included in the study. 
 
In summary, the American Orthopaedic Foot and Ankle Society Hindfoot Score is the 
most applied and cited score out of 34 outcome scoring systems used in calcaneal 
fractures, followed by the Maryland Foot Score and the Creighton-Nebraska score. 
Reliability as measured by the internal consistency was good for the AOFAS and the 
MFS. All three scores measured the full range of complaints. Six out of 23 individual 
items showed good content validity and 16 items showed good construct validity. 
During consensus discussion for clinical outcome reporting of intra-articular calcaneal 
fractures, we would recommend choosing between the widely accepted, reliable and 
valid AOFAS Hindfoot and the Maryland Foot Score as the scoring systems of 
choice. 
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Legend 
 
Figure 1 Title: Individual items ranked by frequency with which they were used 
 
Caption: The item numbers in this figure correlate with the rank numbers in Table 2, 
first column. 
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Table 1: Outcome scoring systems used in the literature to determine outcome after 
treatment for calcaneal fracture.  
Outcome score (First) author Year Citation 
Allan criteria28 Allan 1955 2 
Maxfield-McDermott criteria29 Maxfield 1955 3 
Lindsay-Dewar criteria30 Lindsay 1958 2 
Rowe outcome score16 Rowe 1963 7 
Nade-Monahan questionnaire31 Nade 1973 1 
Mignot criteria12 Mignot 1975 2 
Fayt criteria32 Fayt 1978 1 
Modified Mazur ankle score33 Mazur 1979 3 
Noble-McQuillan criteria34 Noble 1979 1 
Grenoble score35 Champetier 1979 1 
Mestdagh score36 Mestdagh 1984 2 
Myerson scoring system17 Myerson 1986 1 
SO.F.C.O.T. criteria35 Simon 1988 4 
Zwipp score37 Zwipp 1989 9 
Creighton-Nebraska24 Crosby 1990 19 
Bradley disability score38 Bradley 1990 1 
Melcher-score39 Melcher 1991 2 
Iowa Calcaneal Score26 March 1992 2 
Buckley outcome score40 Buckley 1992 3 
Maryland Foot Score11 Sanders 1992 29 
Parmar outcome criteria41 Parmar 1993 1 
Paley-Hall score42 Paley 1993 6 
Letournel outcome criteria43 Letournel 1993 1 
Fernandez outcome criteria44 Fernandez 1993 1 
AOFAS hindfoot score23 Kitaoka 1994 51 
Modified Merle D’Aubigné hip score45 Kundel 1996 10 
Calcaneal fracture scoring system26 Kerr 1996 12 
Functional Outcome Assessment46 Thordarson 1996 3 
Musculoskeletal Functional Assessment47 Martin 1996 1 
Oral Analogue Scale (OAS)48 Morin 1998 1 
Strømsøe rating system49 Strømsøe 1998 1 
Hannover Scoring System (HSS)50 Thermann 1999 2 
Mod. Hannover Questionnaire (HQ)50 Thermann 1999 2 
Kiel Calcaneus Score51 Schwall 2000 1 
Overview of disease-specific outcome scores developed or used for the evaluation of  
calcaneal fractures, summarized by year of publication. The first author and citation 
frequency are mentioned. 
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Table 2: Correlation between individual items and total outcome scores. 
Score items (Rank number) Total outcome score VAS 
AOFAS MFS CN 
S
u
b
je
ct
iv
e 
Pain (1) 0.90* 0.77* 0.73* 0.61* 
Pain activity (8) 0.90* 0.77* 0.73* 0.61* 
Pain rest (15) 0.50* 0.37* 0.48* 0.31‡ 
Activity limitations (11) 0.83* 0.81* 0.70* 0.70* 
Walking distance (4) 0.65* 0.54* 0.60* 0.54* 
Walking surface (9) 0.60* 0.64* 0.57* 0.48* 
Gait abnormality (5) 0.73* 0.77* 0.65* 0.58* 
Climb stairs (17) ns 0.34‡ 0.37* 0.39* 
Cosmesis (23) 0.45* 0.55* 0.37‡ 0.34* 
Stability objectively (20) ns ns ns ns 
Stability subjectively (21) 0.52* 0.61* 0.58* 0.44* 
Shoe type (7) 0.29‡ 0.51* 0.30‡ ns 
Shoe size (22) ns ns ns ns 
Support/aids (12) 0.37* 0.40* 0.40* 0.38* 
Return to work (2) 0.96* 0.56* 0.76* 0.60* 
Swelling (13) 0.46* 0.65* 0.55* 0.62*
 
O
b
je
ct
iv
e 
Calf circumference (19) ns ns ns ns 
Walk on toes (10) 0.45‡ 0.42‡ 0.36‡ 0.41‡ 
Walk on heels (16) ns ns ns ns 
Heel width (18) ns ns ns ns 
Hindfoot motion (3) 0.40* ns 0.42* 0.36‡ 
Sagittal motion (6) ns ns ns ns 
Alignment (14) 0.36‡ 0.30‡ 0.30‡ 0.36‡ 
 
For item-total score correlations and item-VAS the Spearman rank correlation 
coefficient is presented. The rank numbers between brackets in the first column 
correspond with figure 1. VAS, Visual Analogue Scale for patient satisfaction; 
AOFAS, American Orthopaedic Foot and Ankle Society Hindfoot Score; MFS, 
Maryland Foot Score; CN, Creighton-Nebraska score; ns, not significant;         
*, significant at the p < 0.001 level; ‡, significant at the p < 0.05 level. 
 
 
 
